Abstract-Wake Atoll is an isolated chain of three islets located in the Western Pacific. Included in its endemic flora is a representative of the genus Gossypium colloquially referred to as Wake Island cotton. Stanley G. Stephens pointed out that "Wake Island cotton does not resemble closely either the Caribbean or other Pacific forms." Taking into consideration morphological distinctions, the geographic isolation of Wake Atoll, and newly generated molecular data presented here, we conclude that the cottons of Wake Atoll do in fact represent a new species of Gossypium, here named Gossypium stephensii. This name is chosen to commemorate the eminent natural historian, evolutionary geneticist, and cotton biologist, S. G. Stephens.
Wake Atoll is an isolated chain of three islets (Peale, Wake, and Wilkes) located in the Western Pacific approximately 3,500 km west of Hawaii and 2,500 km east of Guam ( Fig. 1 ; Levenson 2008) . The remoteness of this island group in conjunction with its diminutive land area constrains its floristic and faunistic diversity, but also provides the opportunity for evolutionary endemism. The floristic communities of Wake Atoll have been cataloged by several naturalists, including E. H. Bryan Jr. and F. R. Fosberg (Bryan 1942; Fosberg 1959) . Within the Tournefortia L. (Boraginaceae)-dominated forest found on the islets of the atoll, there is a representative of the genus Gossypium L. that has often been identified as G. hirsutum L., a member of the allopolyploid clade of cottons, and is colloquially referred to as Wake Island cotton (Fosberg 1959; Levenson 2008) .
The Wake Atoll cotton specimens collected by Bryan and Fosberg were labeled Gossypium hirsutum var. religiosum (L.) G. Watt (Bryan 1942; Fosberg 1959) . As Fryxell (1968) pointed out, the name Gossypium religiosum L. is "the most tortured of all the Linnean names in Gossypium" due to its complex history. While Linnaeus originally named G. religiosum in 1767, Watt (1907) reduced it to synonymy with G. hirsutum, after his examination of the original holotype. Fryxell (1968) notes that the holotype itself bears the annotation "in Indiis," suggesting a specimen origin in either the West Indies or India. Thus, we conclude that this name has no bearing on the naming of the new entity described here.
Wake Atoll cotton was included in early biogeographic research on the genus. Stephens (1966) considered Wake Island cotton in his work on oceanic dispersal, treating it as a wild form of G. hirsutum. Notably, he pointed out that "Wake Island cotton does not resemble closely either the Caribbean or other Pacific forms," noting its "sprawling shrub" growth habit, "densely hairy" pubescence, and larger than average petal spot in comparison to the other Pacific cottons (Stephens 1966) . With consideration of prevailing ocean currents in conjunction with seed buoyancy and saltwater survival tests, Stephens suggested that Wake Island cotton may have originated following dispersal from the western coast of Mexico (Stephens 1966) .
In our studies of these older, as well as more recent, collections made by members and support contractors of the United States Air Force, we validated the distinguishing characteristics of the Wake Atoll forms relative to G. hirsutum (Fryxell 1992) . We further assessed its distinctiveness and taxonomic status through the use of extensive DNA sequence data from both the nuclear and chloroplast genomes, which reveal a clear differentiation of the Wake Atoll cottons from a large sampling of G. hirsutum accessions. Taking into consideration morphological distinctions, the geographic isolation of Wake Atoll, and newly generated molecular data presented here, we conclude that the cottons of Wake Atoll do in fact represent a new species of Gossypium, here named Gossypium stephensii J. Gallagher, C. Grover, & Wendel. This commemorative name honors the late S. G. Stephens (1911 Stephens ( -1986 , an underappreciated and remarkably insightful natural historian, evolutionary geneticist, and cotton biologist (Wendel and Goodman 2011) .
Materials and Methods
Plant Materials -Seeds collected on Wake Atoll by Ray Fosberg (formerly USGS, Washington, D.C.) were obtained from Paul A. Fryxell (formerly University of Texas, Austin) by J. Wendel. Additional collections were made by M. Moran and K. Rex. Plants were grown in the R.W. Pohl Conservatory at Iowa State University from these original seed collections. For comparative studies, we also sampled widely from the six other allopolyploid (AD genome) species of Gossypium , as well as from representative diploids that serve as models of the ancestral A-and D-genome donors (Appendix 1; see Wendel and Grover 2015) . DNA was extracted from leaves of each accession using the Qiagen DNeasy Plant Mini Kit (Qiagen, Valencia, California), as per manufacturer instructions.
Sequence Capture and Sequencing -Sequencing libraries were constructed at West Virginia University Genomics Core Facility (http:// genomics.as.wvu.edu/) using the Illumina TruSeq kit. Following library construction, DNA libraries underwent targeted sequence capture with custom bait sequence using the Mycroarray MYbaits kit (http://www .mycroarray.com/), as per the manufacturer's protocol. Our custom bait sequence pool was designed to enrich 267 genes, as detailed in Appendix 2. Target-enriched libraries were then sent to either the Iowa State DNA Facility (http://www.dna.iastate.edu/) or the Beijing Genomics Institute (http://www.genomics.cn/en/index), where they were sequenced (150-bp paired end) on an Illumina HiSeq 2500.
Sequence Assembly -Reads were quality trimmed using sickle ( Joshi and Fass 2011) and were mapped to the G. raimondii D-genome reference sequence (Paterson et al. 2012 ) for nuclear genes, or to the G. hirsutum chloroplast genome (Lee et al. 2006 ) for chloroplast genes, using GSNAP (Wu and Nacu 2010) . Nuclear genes were mapped in combination with a diagnostic SNP-index (Page et al. 2013 ) and partitioned into A-genome and D-genome derived reads via PolyCat (Page et al. 2013 ). This process partitions reads into the two homoeologs expected for each gene in allopolyploid genomes. We treated G. stephensii as an allopolypoid due to its recognized morphological similarity, as well as previous molecular treatments of the plants (e.g. Grover et al. 2012) . Both the chloroplast reads and the partitioned, mapped nuclear gene reads were assembled into individual sequences using bam2consensus from the BamBam suite of tools (Page et al. 2014) . The resulting gene alignments were iteratively processed to remove uncaptured sequences/gene regions (process_ alignments; https://github.com/Wendellab/phylogenetics), using a threshold of >80% ambiguous nucleotides (N) per sequence or >20% Ns per position for the first round and >50% Ns per sequence (30% for chloroplast) or >10% Ns per position for the second round. Any final gene or chloroplast alignment that did not contain at least one representative of each polyploid species, as well as a minimum of four Wake Atoll representatives, was excluded from the dataset. This quality filtering process resulted in the final inclusion of: (1) 102,227 bases of sequence from the chloroplast genome, roughly 65% of the total chloroplast genome [as compared to Lee et al. (2006) ]; and (2) 474 genic regions representing 234 homoeologs from the A-genome and 240 homoeologs from the D-genome.
Phylogenetic Analysis -A maternal phylogeny was generated from the cpDNA sequences from a maximum likelihood analysis using RAxML (Stamatakis 2014 (Stamatakis , 2015 . Parameters selected included rapid bootstrap analysis, GTR + Γ model of evolution, and 1,000 alternative starting trees. Trees were visualized using FigTree (http://tree.bio.ed.ac .uk/software/figtree/).
For the nuclear data, alignments were filtered for PCoA analysis by first removing genes that did not contain all accessions sequenced, concatenated using SequenceMatrix (Vaidya et al. 2011) , and subsequently removing all ambiguous sites. These concatenated sequences were then input into R for principal coordinates analysis (PCoA) using the ape package (Paradis et al. 2004 ; R Core Team 2015). Scripts for implementing these analyses are available on https://github.com/ Wendellab/phylogenetics.
Results
Chloroplast Phylogenetics -Chloroplast DNA sequences were assembled for representatives of all polyploid species of Gossypium (Appendix 1), including five representatives of G. stephensii and 34 representatives of G. hirsutum, the species to which G. stephensii was formerly thought to belong. A total of 102,227 aligned positions, representing ∼65% of the Gossypium chloroplast genome, relative to G. hirsutum (Lee et al. 2006) , were recovered and analyzed with maximum likelihood via RAxML and a GTR + Γ model (Stamatakis 2014 (Stamatakis , 2015 . All accessions of G. stephensii were recovered as a monophyletic group that is distinct from both G. hirsutum and G. ekmanianum Wittm. (Fig. 2) . The overall topology of the tree is consistent with previous reports (Grover et al. 2012 , with the G. stephensii clade phylogenetically sister to the G. ekmanianum clade. Strong bootstrap values (>90%) support almost all the species clades. The one exception is the divergence between G. ekmanianum and G. stephensii; each clade has 16% and 44% bootstrap support, respectively (Fig. 2) . 
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Analysis of Nuclear Gene Sequences -Because of the relatively recent diversification of the allopolyploid Gossypium clade and the attendant lack of species-level coalescence for many nuclear genes, phylogenetic analysis of different nuclear gene sequences yields multiple topologies (as described in Grover et al. 2015) . Hence, to visually depict overall genomic relationships relevant to the taxonomic status of G. stephensii, we used a phenetic approach. Multiple accessions of G. hirsutum and G. barbadense L., as well as representatives from all other polyploid species (G. tomentosum Nutt. ex Seem., G. mustelinum Miers ex G. Watt, G. darwinii G. Watt, G. ekmanianum, G. stephensii; Appendix 1), were evaluated via PCoA of multilocus data (Fig. 3) . Specifically, we included 474 genic regions, partitioned into 234 homoeologs from the A-genome (Fig. 3A) and 240 homoeologs from the D-genome (Fig. 3B) , representing the two co-resident genomes of allopolyploid cotton (reviewed in Wendel and Grover 2015) . Both analyses revealed similar overall depictions of genomic distinctions. Notably, the primary distinction for both sets of homoeologs along the first axis is the separation of the G. hirsutum-G. ekmanianum-G. stephensii grouping from the G. barbadense-G. darwinii species pair, with the representatives of G. mustelinum and G. tomentosum between the two. Along the second axis, which shows differentiation within the groups specified above, G. stephensii forms a tight cluster that is distinct from other species, and most importantly, it is clearly distinguished from a broad spectrum of G. hirsutum accessions spanning the full wild to domesticated continuum.
Taxonomic Treatment
Gossypium stephensii J. Gallagher, C. Grover & Wendel, sp. nov. G. stephensii differs from G. ekmanianum in having dense leaf pubescence, 8-11 bracteal teeth, subglobose capsules, and 3-4 locules in the capsule (Table 1) . Although many characteristics of G. stephensii overlap with the species concept of G. hirsutum, it differs from G. hirsutum in lacking extrafloral nectaries at anthesis; these appear during capsule development (Table 1) .
Sprawling woody shrubs, branching just above the base, with branches growing at nodes along woody stems; stems pubescent with stellate hairs; punctae black (lysigenous cavities; colloquially "gossypol glands"), abundant, more apparent in younger than in older stems. Leaves alternate, ascending, densely pubescent; stipules 6-10 mm; lamina cordate, weakly 3-lobed, rarely 5-lobed, broadly triangular to ovate, 65-75 mm long, 78-95 mm wide; apex acute to acuminate; margin entire, with stellate trichomes; adaxial and abaxial surfaces both with mostly stellate trichomes, pubescence denser on abaxial surface; 5 major veins abaxially raised; foliar nectaries on central midvein, 1.5 mm long, ∼3.5 mm from base; petioles 50-53 mm long on mature leaves. Epicalyx 26-32 mm long, 26-28 mm wide, reflexed, dissected with 8-11 teeth, with numerous punctae throughout, diminishing toward the distal edge, hairs sparse, nectaries absent. Sepals 5-7 mm long, basally connate into a cup, lobes 1-2 mm long, acuminate, sinuses rounded, trichomes sparse to wanting, black punctae diminishing distally. Petals white to cream, with faint red to fuchsia basal spots, 39-42 mm long, petal spots 8-11 mm long. Staminal column white; filaments 6-10 mm; pollen white to cream-colored. Style 18-20 mm long, exserted 11-12 mm beyond staminal column, clavate, three ridged, punctate throughout; stigma decurrent on style. Capsules subglobose, apiculate, 18-20 mm in diam., with subtending epicalyx nectaries, locules 3-4, with 2-4 seeds per locule, capsule walls punctate. Seeds green, lanate, seed fibers tan, 10-12 mm long. Figure 4 .
Comments -Because of the extensive and partially overlapping morphological variability between G. stephensii, G. hirsutum, and G. ekmanianum (Table 1 ; Fig. 5 ), DNA sequence data may be helpful for species confirmation. Within the chloroplast alignment, nucleotide changes specific to G. stephensii, as compared to the other allopolyploid species, appear at site 5,562 (A to T), within the intron of rps16; site 33,766 (T to A), in the intergenic space between trnT-GGU and psbD; and site 130,280 (A to C), in the intergenic space between trnL-UAG and rpl32 (sites based on G. hirsutum chloroplast sequence; Lee et al. 2006) .
Distribution and Habitat -Gossypium stephensii is found exclusively on the islets that make up Wake Atoll. Wake Atoll has a tropical maritime climate and is subject to trade winds and occasional typhoons. These plants occur in what has been described as a sparse Tournefortia argentea L. f.-dominated forest. Cotton plants make up one of the more prevalent floristic elements, along with Ipomoea pescaprae (L.) R. Br. These forests are found from the beaches up to the inland portion of the islands (Levenson 2008) .
Etymology -The specific epithet honors the late Stanley George Stephens, paying tribute to his numerous contributions to our understanding of Gossypium diversity and evolution (Wendel and Goodman 2011) . Stephens was a researcher at the Cotton Research Station in Trinidad and at North Carolina State University, where his many insightful studies of Gossypium evolution, systematics, and genetics 
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GALLAGHER ET AL.: GOSSYPIUM STEPHENSII 121 resulted in his election into the National Academy of Sciences of the U. S. A. We name this species Gossypium stephensii in his memory.
